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CHAPTER 1 
INTRODUCTION 
CHAPTER - ONE 
I N T R O D U C T I O N 
I t i s r ecogn i sed t h a t t h e phenomenon of growth must 
i n v o l v e some c o n t r o l l i n g mechanism because i t i s t h e r e s u l t 
of w e l l n i t t e d c o - o r d i n a t i o n between v a r i o u s p l a n t p a r t s . 
I n t h i s r e g a r d , a v i t a l u n q u e s t i o n a b l e r o l e i s p l ayed by 
p l a n t hormones. The t y p e of t h e hormone and t h e competence 
of t h e t a r g e t c e l l s / t i s s u e a r e the main de t e rmin ing f a c t o r s . 
However, not much i s known about t h e t i s s u e s p e c i f i c i t y i n 
hormone induced e f f e c t . 
I t was r e c o g n i s e d , as e a r l y a s , Thimann and Went 
( 1 9 3 5 ) t h a t p l a n t growth and development l a r g e l y depended 
on i t s r o o t s whose i n i t i a t i o n and growth was very much 
r e g u l a t e d by a balanced supply of hormones. S t i l l t h e use 
of hormoneswas l a r g e l y r e s t r i c t e d to t i s s u e c u l t u r e o r 
r a r e l y in v e g e t a t i v e p r o p a g a t i o n by stem c u t t i n g s . However, 
a f t e r World War I I , s t a r t e d t h e f u l l impact of hormones / 
p l a n t growth r e g u l a t o r s (PGrts) m a n i p u l a t i o n on modern a g r i -
c u l t u r e wi th the use of s y n t h e t i c a u x i n s as h e r b i c i d e s . 
S i n c e t hen , PGRs have been s u c c e s s f u l l y i m p l i c a t e d i n 
i n d u c i n g b e n e f i c i a l c rop r e s p o n s e s . In t h e modern a g r i c u l t u r e , 
PGRs a r e known t o c o n t r o l a h o s t of phys iomorpho log i ca l 
p r o c e s s e s in c rop p roduc t ion by a f f e c t i n g p l a n t p r o p a g a t i o n j 
seed ge rmina t ion j growth s t i m u l a t i o n or suppress ion^ 
flowering; fruit setting, growth and ripening^ parti-
tioninq of assimilates and cloning etc. 
The present study will be undertaken to elucidate 
the effect of three plant hormones (lAA, IBA, GA) on the 
physiochemical characteristics of the germinating seeds 
•^f P^sum sativum cv, Arkel and that of root and shoot of 
the seedlings. Moreover, the degree of interdependence 
of root and shoot in seedlings, developed with an 
exogenous supply of hormones*may also be explored. 
CHAPTER 2 
REVIEW OF LITERATURE 
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CHAPTER - TWO 
REVIEW OF LITERATURE 
2 . 1 P l a n t Hormones 
p J a n t hormones a r e u n i q u e , n a t u r a l l y o c c u r l n g o r g a n i c 
s u b s t a n c e s i n f l u e n c i n g p h y s i o l o g i c a l p r o c e s s e s , a t 
e x t r e m e l y low c o n c e n t r a t i o n s . The i r b i o l o g i c a l s y n t h e s i s 
may be l o c a l i z e d o r may a l s o be i n t h e c e l l s of wide r ange 
of t i s s u e s . The hormones may r e g u l a t e t h e growth of v a r i o u s 
p l a n t o r g a n s , t o m a i n t a i n a d e f i n i t e canopy, by a c t i n g in 
t h e c e l l s of t h e i r s y n t h e s i s ( e . g . e t h y l e n e ) o r t r a n s -
p o r t e d , l i k e c y t o k i n i n . 
Var ious l i n e s of i n v e s t i g a t i o n s led to the c h a r a c -
t e r i z a t i o n of f i v e d i f f e r e n t groups of hormones ( a u x i n s , 
g i b b e r e l l i n s , c y t o k i n i n s , a b s c i s i c a c i d and e t h y l e n e ) . 
More compounds have a l s o been added t o t h i s l i s t b u t most 
of them a c t i n j u s t a few s p e c i a l c a s e s , 
2 . 1 . 1 Auxins 
I n c i o l e - 3 - a c e t i c ac id (lAA) i s t h e common a u x i n i n 
most of t h e p l a n t s and i s t he f i r s t to be i d e n t i f i e d , 
among t h e p l a n t hormones, I n d o l e a c e t a l d e h y d e , t h e n a t u r a l 
a u x i n p r e c u r s o r , i s a l s o known to a c t as a weak a u x i n . 
Moreover, t h r e e o t h e r n a t u r a l compounds, comparab le 
i n t h e i r s t r u c t u r e and f u n c t i o n w i th t h a t of lAA, a r e 
a l s o found. 4 - c h l o r o i n d o l e a c e t i c a c i d (4-Chloroi. lAA) i s 
found in the seeds of legumes (Engvi ld , 1986); pheny l -
a c e t i c acid (PAA) i s wide spread among plants (Leuba and 
Le Torneau, 1990) and l a s t l y indo lebu tyr ic acid (IBA), 
which was formerly thought to be only an ac t ive s y n t h e t i c 
a u x i n , occurs in maize leaves and va r ious d i co t s 
(Schneider e t aj_., 1985; Epste in e t a l . , 1989). 
The bes t known synthe t ic auxins are naphthalene 
a c e t i c acid (NAA), 2,4-dichlorophenoxy acet ic acid ( 2 , 4 - D ) , 
2 ,4 ,5- t r ich lorophenoxy ace t ic acid (2 ,4 ,5-T) and 2-methyl -
4-chlorophenoxy ace t ic acid (JVCPA). 
2.1.2 Gibberellins 
I t i s the family of t e t r a c y c l i c di terpenoid a c i d s 
having en t -g ibbere l lane s t r u c t u r e . The most widely a v a i -
l a b l e and ac t ive form i s GA3» which i s o r i g i n a l l y a fungal 
p roduc t . However, GA, i s the most important g i b b e r e l l i n 
because i t i s pr imari ly respons ib le for stem e longa t ion 
and i s the precursor of other GAs. To t h i s d a t e , e i g h t y 
n ine GAs are known (GAJ^-GAQ^). 
2 . 1 . 3 Cytoklnins 
Cytokinins (CKs) are adenine d e r i v a t i v e s , which i n 
a s s o c i a t i o n with auxin, con t ro l c e l l d iv i s i on . The most 
common and e a r l i e s t cytokinin i s ' Z e a t i n ' , i s o l a t e d from 
immature kernels of corn (Zea mays). 
2.1.4 Absclslc Acid 
Abscisic acid (ABA) is a sesquiterpene derived from 
mevalonic acid. I t was originally thought to be an inh ib i to r 
because of i t s association with abscission and dormancy.ABA 
appears to act as an inhibi tor , where exogenous applicat ion 
i n h i b i t s plant growth, and also a promoter (e .g . storage 
prote in synthesis in seeds). 
2 .1.5 Ethylene 
I t is simple gaseous hydrocarbon, plant hormone (C2H4). 
Hthylene i s produced by almost a l l higher plants in t races 
and in te rac t s with other hormones, special ly auxin to 
co-ordinate and regulate a wide var ie ty of growth and deve-
lopmental processes. The effects of ethylene are often 
spectacular as in the case of f ru i t ripening, absciss ion, 
breaking of dormancy, flowering and modification of sex 
expression, 
2.2 Hormones and Rooting 
I t was interest ing to note that Dutch gardeners had 
a centur ies old practice of erabedling grain seeds into 
cut t ings of trees to promote root formation. Various chemicals 
( e . g . permanganate and carbonmonoxide) were also used from 
time to time to promote rooting in cu t t ings . However, the 
discovery of auxin resulted in i t s usage in the root di f feren-
t i a t i o n , most successfully. 
Anand and Heberlein (1975) experimented with Ficus 
i n f e c t o r i a stem c u t t i n g s , which were t rea ted with 10 and 
ICX) ^g/ml each of lAA, IBA, 2,4-D and NAA at monthly i n t e r -
v a l s . They t r i e d to expla in the r e l a t i o n s h i p between seasonal 
v a r i a t i o n and cambial a c t i v i t y before auxin t r ea tmen t . Their 
r e s u l t s showed tha t t he r e were two d i f f e r en t s e n s i t i v i t y 
p e r i o d s . The f i r s t one, was the high rooting p e r i o d s , which 
proceeds together with the new growth and high cambial 
a c t i v i t y from March to August, whi le the low root ing phase 
coincided with winter dormancy and low cambial a c t i v i t y . 
The second one, where aux in - t r ea t ed c u t t i n g rooted in 
l o n g i t u d i n a l s l i t in the month of June , at the time of 
high cambial a c t i v i t y but not in October , when the a c t i v i t y 
of cambium was low. I t was, t h e r e f o r e , concluded t h a t an 
a p p r o p r i a t e c o r r e l a t i o n of seasonal v a r i a t i o n ex i s t ed 
between the cambial and root ing a c t i v i t i e s . However, p i l e t 
e;t a_l. (1979) noted an i n t e r a c t i o n between endogenous and 
exogenous lAA in regu la t ing r o o t i n g , in stem c u t t i n g s of 
maize . They observed t h a t lAA t rea tment stimulated roo t ing 
only in the detipped c u t t i n g (lower endogenous lAA), 
o the rwi se : inhib i ted . 
Sawhney e t al^, (1981) repor ted t h a t hypocotyl c u t t i n g s 
of Phaseolus munqo, t r e a t e d wi th iBA and NAA, had more 
r o o t s , whereas lAA did not induce any e f f ec t . Rifampicin 
Can i n h i b i t o r of RNA polymerase) app l i ca t ion decreased r o o t 
l e n g t h without affect ing t h e i r number, Rifampicin wi th lAA 
produced a strong synergistic effect on root differentiation 
whereas with IBA and NAA a partial reversal of auxin-
promoted differentiation of roots was noted. Rifampicin 
decreased the level of both RNA and protein but in asso-
ciation with auxin, this effect was partially overcome. 
Experimenting the effect of lAA and GA on growth 
and rooting of apical fragments of Brassica juncea L., 
Saxena and Singh (1982) reported that lAA increased only 
the hypocotyl elongation but GA exhibited a similar 
influence on epicotyls and petioles besides hypocotyls. 
There was no synergism between the effect of lAA and GA. 
The rooting was inhibited by GA while lAA had a moderate 
effect and its higher concentration also nullified the 
effect of GA (40 ppm), on root formation, 
Davies (1984) reported a significant difference in 
the degree of rooting of juvenile and mature cuttings of 
Ficus pumila. The treatment of these cuttings with ISA 
enhanced root differentiation, irrespective of their type. 
Cambial activity and shoot RNA level were higher in both 
the types of the cuttings during the rooting period but 
juvenile ones excelled the mature cuttings. 
Dhawan and Nanda (1984) exogenously applied 
a-naphthol, salicyclic acid, ferulic acid (FA) on hypo-
cotyl cuttings of Impatiens balsamina. They reported that 
all the phenolic compounds enhanced rooting. It was 
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concluded tha t high endogenous level of the auxin and the 
nutr ients of the cuttings were the primary factors respon-
sible , for bet ter root d i f fe ren t ia t ion . 
Woods et a l . (1984) reported tha t exposure of tomato 
seedlings to ethylene resulted in the re-or ientat ion of 
the growth of the root apex and the generation of a t i g h t l y 
packed series of regular c o i l s . The extent of the response 
was dependent upon the concentration of ethylene to which 
the t i ssue was exposed. However, the presence of Ag ions 
( s i l ve r thiosulphate) abolished the coil ing response. They 
suggested that endogenous ethylene mediated in root g rav i -
tropism, and that the normal response mechanism was 
'flooded* by exogenous application of th i s gas. The h e l i -
cal coil ing of tomato roots could not simply be regarded 
as a gravitropic behaviour. 
Nautiyal and Purohit (1986) observed tha t the stem 
cutt ings of six species of Berberies rooted d i f ferent ly , 
under the influence of auxin. Three high a l t t tude species 
(Q, kumaonensis, B. jaeschkeana, and B, endqeworthiana) 
rooted only 80 days after plantation and also exhibited 
a seasonal variation. 
F i l e t and Saugy (1987) treated 2-day old in tac t 
maize roots with lAA and ABA, They observed that the 
elongation of slow growing roots was inhibited , i r r e s -
pective of the concentrations of exogenously applied 
hormones. However, lower concen t r a t ions of both the hormones 
promoted the elongation of f a s t growing r o o t s . A nega t ive 
c o r r e l a t i o n between growth and the endogenous l e v e l of lAA 
and ABA was noted, ABA presented a l a rge range of endo-
genous level than lAA on the whole popula t ion of roo t s 
t e s t e d . When using applied lAA and ABA» a t d i f f e r e n t concen-
t r a t i o n s , the same d i f f e r e n t i a t i n g e f f ec t on growth was 
observed. I t was, t he r e fo re , concluded t h a t fo r i d e n t i c a l 
concen t r a t ions , lAA was more e f f ec t i ve on roo t e longa t ion 
than ABA. 
Ahmad and Anderson (1988a) t r e a t e d pea c u t t i n g s 
with 10 jil of lAA or IBA (10~^ M). They observed t h a t i n 
the f i r s t 24 h both the hormones induced the syn thes i s 
of e thylene with a s imi lar p a t t e r n , i r r e s p e c t i v e of t h e 
method of t reatment and the presence or absence of l i g h t . 
lAA induced higher level of e thylene than iBA, but t h e 
l a t t e r was a be t t e r root promoter than lAA. Stomatal 
r e s i s t a n c e (scm" ) did not respond s i g n i f i c a n t l y to the 
t reatment and followed the p a t t e r n comparable with the 
c o n t r o l . 
Ahmad and Anderson (1988b) fed 10 \il of lAA or 
IBA (10 M) to pea cu t t i ngs by e i t h e r dipping lower one 
cm or in to the t r ansp i r a t ion stream through the cut end. 
The presence of l ight i n the f i r s t few hours of the 
feeding, by dipping, favoured only the promotive ac t ion 
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of both auxins on rooting, IBA proved better promoter 
than lAA. Root and shoot length did not show any response 
to the treatment. 
Eliasson et al^ . (1989) observed the inhibitory 
effect of lAA and ACC (l-amino-cyclopropane-l-carboxylic 
acid) on elongation of pea roots and ethylene production 
by root tip. Both the compounds, in the range of 0.01-1,0 
i^M, enhanced the degree of Inhibition, progressively. 
However, only ACC had a positive effect on ethylene pro-
duction, in the treated seedlings, after 24 hours. ACC, 
but not lAA, caused root tip curvature, typical of 
ethylene treatment. On the other hand, lAA caused swelling 
in the root tips and not ACC. Inhibitors of ethylene, CO 
and Ag ions, reversed the effects induced by ACC and not 
those of lAA. It was, therefore, concluded that inhibitory 
action of lAA on root growth was caused by auxin per se 
and that of ACC by ethylene production. 
Liu ©1 ^ * (1990) reported that the lower portion 
of hypocotyl of sunflower, on which almost all the roots 
were formed, showed an early transient increase in the 
endogenous ethylene level. The increase in ethylene was 
much less evident in the upper non-rooting portion of 
the hypocotyl. Amino ethyl-vinyl glycine (AEVG) supplied 
from O to 3h,lowered ethylene level and reduced the number 
of root primordia but was reversed by exogenous ACC. They 
resolved that the ethylene produced within 3 h, due to 
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wounding, was the main determining fac tor in the product ion 
of root priraordia. However, i t s e f fec t iveness was l o c a l i z e d 
to the root ing zone only , 
Siagian (1992) dipped the stem c u t t i n g s of Gmelina 
arborea in varied concent ra t ions of IBA for two hours and 
planted them i n the nursery beds . The su rv iva l of the 
c u t t i n g s was found to be s i g n i f i c a n t l y dependent on IBA. 
I t was recotmiended t h a t for vege ta t ive propagation of G. 
arborea by stem c u t t i n q s , i t was b e t t e r to t r e a t the 
cu t i ngs with 400 mg/1 of lAA, 
Hore and Sen (1994) t r ea t ed the a i r l aye r s of 
pomegranate with 1,000 ppm of Ferulic acid (FA) in combi-
na t ion with 10,000 ppm of NAA. In the month of May and 
J u l y , 85.1 to 98.3ji roo t ing occurred. A t rea tment of t h e 
l a ye r s with 1000 ppm of e t h e r a l and 5,000 ppm of NAA 
produced more and longest r oo t s per l a y e r . However, maximum 
surv iva l was recorded with FA (1,000 ppm) in combination 
with NAA (2,500 ppm) and para-hydroxy benzoic acid (1 ,000 
ppm). Among a l l the t r e a t m e n t s , FA (1,000 ppm) in combi-
na t ion with NAA (10,000 ppm) proved b e s t . 
Aminah e t cd. (1995) reported t h a t the a p p l i c a t i o n 
of IBA s ign i f i can t ly increased the r a t e of roo t emergence 
in s ing le node leafy stem c u t t i n g s of Shorea leprosu la 
taken from 10 month old pot ted seed l ings . The c u t t i n g s 
fed with 20 \iq of iBA proved bes t , inducing root ing in 
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70-/. of the c u t t i n g s , w i th in 12 weeks. The t rea tment a l s o 
enhanced the number of roo t s per c u t t i n g . The c u t t i n g s 
t r e a t e d with 20, 40, 60 and 80 ng of IBA accumulated 
5 .05 , 5 .26 , 4.82 and 4.80 r o o t s per c u t t i n g , r e s p e c t i v e l y , 
on week 10, compared with 3 . 1 j i n the c o n t r o l . 
Bhardwaj e t arl. (1996) reported roo t ing response 
of elm to chemical t rea tment and phys io log ica l s t a t u s of 
the c u t t i n g s . They observed maximum roo t ing (77.50;^) w i t h 
combined appl ica t ion of 8,000 ppm iBA, 2,000 ppm pa ra -
hydroxy benzoic acid, 5y. sucrose and 5>< cap tan . C u t t i n g s 
planted in sprina season, drawn from lower po r t ion of t he 
shoot having higher l e v e l s of t o t a l phenol , s t a r c h , s u g a r , 
t o t a l carbohydrate, phosphorus, calcium, peroxidase 
a c t i v i t y but low N-content exhibi ted b e t t e r r o o t i n g , 
2 .3 Hormones and Vegetative Growth 
The canopy of the p l a n t s tha t we see i s the r e s u l t 
of in tegra ted growth of i nd iv idua l p a r t s . Mainly t h e r e 
a re two c l a s se s of f a c t o r s t h a t i n t e r a c t and in f luence 
the pa t t e rn of development. The f i r s t , more important i s 
the endogenous hormones t h a t co-ord ina te in t he growth of 
t he p lan t organs. The second group of f ac to r s e x i s t o u t -
s ide the p l an t , i . e . the environment, determining t h e i r 
o r i e n t a t i o n in space, 
Goeschl et a l , (1967) observed t h a t t h e p roduc t ion 
of ethylene by e t i o l a t ed pea (pisum sativum L. c v , Alaska) 
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epicotyls was confined to the plumule and plumular hook 
portion of the epicotyls, at a rate of 6 ^1 kg h"* , They 
demonstrated that phytochrome regulated the plumular 
expansion through the production of ethylene. Similarly, 
the enhanced level of ethylene in inducing the swelling 
of hypocotyl base by 2,4-^ 3 in the Cucurbita pepo L. seedlings 
was assigned to be the primary reason (pinfield et al., 
1984). In addition to this, 2,4-D also inhibited the 
accumulation of endogenous gibberellin and enhanced cyto-
kinin level during the development of seedlings. Therefore, 
the possibility of an interaction at the biosynthesis level 
of these three hormones and their involvement could not be 
overlooked. 
Siolorova et al. (1986) applied 75 mg/1 solution 
of different gibberellins and the substances containing 
them to the apical growth points of the stem with a two 
day interval, at 3-4 internodes stage of mutant and under-
sized pea plants. GA3 and mixture of GAy, Iso GAy and GA^ 
stimulated the growth. All forms of exogenous gibberellins 
applied to the dwarf mutant evoked growth stimulation and 
seed productivity. 
Carlson et aa. (1987) in exploring the reasoning 
for cytokinin induced increase in the pods of legumes, 
treated soybeans with two milimolar benzyl aminopurine 
(BA) solution to the inflorescence. A single application, 
when pods appeared at 25-50j< of the proximal floral 
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pos i t ion , increased pod se t t ing {58-/,) by inhibi t ing f l o r a l 
abscission (33><). Similarly, at the l a t t e r stages or 
repeated applications of the hormone induced a comparable 
response. As regards to ta l cytokinin f lux, i t peaked O to 
9 days, after flowering began, followed by a sharp decrease 
by day 15. This led them to conclude that cytokinin content 
d i rec t ly regulated the pod s e t t i n g . 
Grossmann e^ aJ .^ (1987) treated the seeds of 
Glycine max with two growth re ta rdents , l - ( 4 - t r i f l u o r o -
methyl ) -2- ( l ,2 ,4- t r iaz ly l - ( l ) -3- (5-methyl - l ,3 -d ioxan-5-y l ) -
propen-3-ol (LAB 150978) and 5-(4-chlorophenyl)-3,4,5,9, 
lO-pentaazatetra-cyclo-5,4,1,0^' , 0®*''^ "'"-dodeca, 3,9-diene 
( t e t c y l a c i s ) . Both the compounds reduced shoot growth to 
a larger extent than that of root . The amount of immuno-
react ive g ibbere l l in , specially in the shoot and ABA-like 
material in pr i - leaf epicotyl and root decreased. In con t ras t , 
the levels of t ranszeatin-riboside type cytokinins increased. 
The content of immunoreactive 3-indole acetic acid changed 
s l i g h t l y . This d i rec t .o r indirect interference in the 
endogenous levels of hormones might explain the effect of 
retardants on the growth. 
Verma et al^. (1987) treated the seeds of groundnut 
var ie ty T54 with 5, 10 and 15 ppra of GA, lAA, IBA, <r-NAA 
and TIBA (triiodobenzoic acid) for 24 hours and reported 
t h a t a l l the treatments showed favourable effects on dry 
matter production, nodule count, average number of pods 
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per p l a n t , pod y i e l d , she l l ing percentage , seed i n d e x , 
o i l and prote in percentage. Whereas appearance of f i r s t 
flower did not give any response t o the t r ea tmen t , GA and 
TIBA were more e f f ec t ive than any other hormone. An i n c r e a s e 
in IBA concentrat ion favourably affected the growth and 
y i e l d . 
Lozhnikova e t al.. (1989) s tudied the c o n t e n t s of 
g i b b e r e l l i n s and ABA in a normal and in 2 mutants of pea 
( t a l l and dwarf) . A pos i t i ve c o r r e l a t i o n was found between 
t h e stem height of pea mutants and the l eve l of endogenic 
hormones. The balance of hormones and stem he ight was found 
t o be of genetic o r ig in but could be influenced by l i g h t . 
Talon and zeevaart (1990) reported in S i l ene 
armeria p lants t ha t the GAs ( 1 , 12 , 17, 19, 2 8 , 29 , 44 and 
53) of ear ly hyHroxylation pathway were a l l p resen t under 
both SD and LD cond i t ions . By c o n t r a s t , GAJ^» GA^Q and GA^Q 
i n i t i a l l y increased in p l an t s t r ans fe r red t o LD, and then 
dec l ined . Likewise, when s i l e n e p l a n t s were re turned from 
LD to SDt there was an increase in GAt3 and a decrease in 
GA, » GA,Q and GAJQ to a l eve l comparable with t ha t of the 
p l a n t s kept in SD cond i t ions . Thus the r a t e of convers ion 
of GAR3 was proposed t o be the phenomenon regu la ted by 
photoperiod, GAi accumulated in higher concen t ra t ions a t 
t h e shoot t i p s r e s u l t i n g in the stem elongat ion under LD 
cond i t ions . In addi t ion to t h i s , i t a l so appeared t o 
inc rease the s e n s i t i v i t y of the t i s s u e to GA and t h i s 
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effect was probably responsible for the photoperiodic 
after-effect on stem elongation In sllene. 
Grzesik and Chojnowskl (1992) pre-treated the 
seeds of Zinnia elegans with GA3,GA. ^, pp-333 (50-200 
mg/1), NAA (5-20 mg/1) and Suml-7 (100-400 mg/1) for 24 h 
or applied them to the standing plants. The plants deve-
loped from the seeds soaked in GA^* GA^ ,™ and NAA were 
taller and flowered earlier. However, spray treatment 
simply improved the plant height without affecting seed 
yield and their quality, 
Kalib (1992) reported that lAA promoted the growth 
of the shoot bud only at IxlO" M concentration, whereas 
GAo markedly increased longitudinal growth, fresh and dry 
weight of the shoot while kinetin was found to be 
ineffective. 
Pl-Shourbagy et al, (1994) improved the growth 
of flax plants by their treatment with lAA and GA. At 
most of the stages of sampling plant organs had more 
P, K and Ca. However, nitrogen accumulation decreased in* 
all the growing seasons. GA treatment enhanced root number. 
In the last three months of sampling, the treated plants 
had more stem-Na but lesser leaf-Na. Root-Na was more 
in the first three months of the plants treated with lAA 
but in the last four months the level was higher in those 
sprayed with GA. 
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Mckay e t £ l . (1994) applied I n h i b i t o r s of auxin 
transport,TIBA (2 ,3 ,5 - t r i i odoben2o ic ac id ) and HFCA 
(9-hydroxy-f luorene-9-carboxyl ic a c i d ) to the e l o n g a t i n g 
in te rnodes of wild and 1Kb mutant of pea. The l a t t e r 
possessed 2 to 3 times l e s s e r free lAA than the former , 
TIBA reduced both the r a t e of stem elongat ion and lAA 
con ten t but were favourably affected by both the i n h i b i t o r s 
in 1Kb. The in te rnoda l e longat ion was a lso inc reased in 
t he mutant t r ea t ed with 2,4-D and res to red the l eng th of 
p e t i o l e s and t e n d r i l s t o a l eve l t h a t of wild t y p e , which 
remained unaffected by the hormone. The i n h i b i t o r s of 
e thy lene synthes is (aminoethoxyvinylglycine) alone o r i n 
combination with HFCA increased stem e longa t ion . I t was, 
t h e r e f o r e , concluded t h a t the reduced nature of growth 
i n mutant was the r e s u l t of low leve l of free lAA. 
pa te l and Saxena (1994) t r ea t ed the seeds of green 
gram and black gram to the varying concent ra t ions of GA3, 
k i n e t l n , NAA, e t h e r a l and IBA. The p lan t developed from 
the seeds p r e - t r e a t e d with GA3 (10 M), k ine t i n and NAA. 
(10 M) had b e t t e r growth and higher fresh and dry weight 
of the shoot. 
Clemens e t al, (1995) applied GAs to the mic ro -
propagated ornamental c u l t i v a r of Metrosideros c o l l i n a . 
GA4 and 2,2-dimethyl GA^ st imulated vege ta t ive growth and 
i nh ib i t ed the absc i ss ion of the apices of expanding shoo t s , 
a normal fea ture in mature p l a n t s . However, C-16, 17 
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endo-dihydro GAc^  did not induce any effect. Higher concen-
trations of the GAs reduced flowering. It exhibits the high 
sensitivity of the cultivar to the GA. 
Ricci et ail. (1995) synthesized a series of 
benzisoxazole-alkanoic acids differing in the length of 
the side chain and reported their inability in inducing 
cell elongation or root growth but stimulated shoot Induc-
tion jLn vitro. It was, therefore, concluded that their 
activity, like that of 1,2-benzisoxazole acetic acid was 
partly independent of the side chain and was linked to the 
structure of benzisoxazolic ring. 
Lakshmamna and Subbarao (1996) conducted a field 
experiment to see the effect of shading (33 and 66;<) and 
NAA (O, 5, 10,and 20 ppm) on growth and yield of black gram* 
After treatment, plant height, dry matter, chlorophyll and 
flower drop increased in shade, resulting in decreased 
seed yield>while NAA enhanced the seed yield, 
2.4 Hormones and Metabolism 
All living organism, what to say of plants, are 
characterized with cellular reactions, which to a larger 
extent are regulated by specific proteins (enzymes). 
However, a slight alteration may be induced by certain 
factors (e.g. hormones) in the type and level of regulatory 
proteins that has been reviewed in the following pages. 
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The involvement of GA- in the CO^ conse rva t ion 
system in dwarf peas was repor ted by I s rae l s tam and Hiscox 
( 1 9 8 o ) . They observed a decrease in the l eve l of p h o t o -
r e s p i r a t i o n in the excised l e a f l e t s , t r ea ted wi th GA3. 
Bharti e t a l , (1982; supplied varied c o n c e n t r a t i o n s 
of auxin and k ine t in t o pea p lan t s* through the r o o t i n g 
medium, in sand c u l t u r e , Kine t in enhanced the l e v e l s of 
a sco rb i c acid (AA) and dehydroascorbic acid (DHA) both i n 
t h e r o o t s and nodules, however, lAA treatment decreased 
t h e i r c o n t e n t s . The a c t i v i t y of peroxidase was two t imes 
h igher in the roots as compared with the nodules . I t 
i nc reased fu r the r if the medium was supplemented w i t h lAA 
but decreased with k i n e t i n . The a c t i v i t y of peroxidase 
was co r re la t ed with AA and DHA. 
Dunberg e t al^ « (1983) s tudied the me tabo l i za t ion 
of exogenously supplied t r i t i a t e d g i b b e r e l l i n s (GA^ and 
GAQ) in *he shoots of mature graf ted propagules of p i c e a 
ajbies. Out of the 14 ac id ic me tabo l i t e s of [3H]-GA^, two 
were t e n t a t i v e l y iden t i f i ed as GA2 and GA34[ H ] . GAg was 
a l s o converted to a number of subs tances , out of which, 
one was s imi la r to GA^. As shoot e longat ion p rog re s sed , 
t h e r a t e of change of GA^ and GA^ was 61 and 57;<, r e s p e c -
t i v e l y . The metabol izat ion was slower in the propagules 
covered with a c l ea r p l a s t i c f i lm , a treatment which 
promoted flowering. 
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palmer (1985) noted t h a t 3.8 M^ of ABA, supplied 
with the s o l u t i o n , suppressed both ij^ viyo and ^ v i t r o 
a c t i v i t y of n i t r a t e reductase (NR) in r o o t s , stem and leaves 
of Solanum tuberosum p l a n t s . The roots and leaves exhi^bit^d 
recovery of hR a c t i v i t y ^ a f t e r 72 hour, and t h a t of stem 
a f t e r 96 hour, of the a p p l i c a t i o n . The t rea tment a lso 
r e s u l t e d in the n i r t a t e accumulation in the r o o t s , a decrease 
in the leaves and without e f f e c t on stem n i t r a t e con ten t , 
Renyel and Kordan (1987) noted t h a t endogenously 
synthesized and exogenously supplied e thylene and other 
growth r e g u l a t o r s tested suppressea anthocyanin s y n t h e s i s . 
The r e g u l a t o r s , other than GA and t r i iodobenzoic acid (TIBA), 
induced the synthesis of l a r g e r q u a n t i t i e s of e thylene in 
the l i g h t than in dark. The use of permanganate or i n h i b i t o r s 
of e thylene synthesis (CO or Ag"*") increased anthocyanin 
leve l in maize seeal ings which was higher than tha t of the 
c o n t r o l . They suggested t h a t the inh ib i to ry e f f e c t of 
va r ious auxins and k ine t ins on anthocyanin syn thes i s may 
be assigned t o the induced production of e thylene because 
i t was overcome by CO or Ag"*" . Hovv-ever, the same 
exp lana t ion may not be va l id for the e f f e c t of GA and TiBA. 
Ahmad (1988) studied the n i t r a t e con ten t and NR 
a c t i v i t y , during early roo t ing of leafy pea c u t t i n g s t r e a t e d 
with lAA or IBA (IQ-'^M). N i t r a t e maintained a steady s t a t e 
l eve l upto 144 h r , i r r e s p e c t i v e of t rea tment , compared 
with un t r ea t ed con t ro l . The auxin t rea ted lovv-er 2 cm 
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( r o o t i n g zone) of the c u t t i n g s showed a gradual bu i ld 
up of NRA, the l eve l being much higher than in upper leafy 
p a r t . lAA t rea ted c u t t i n g s had more NRA than those t r e a t e d 
wi th IBA. 
Desouky et^  aJL, (1989) repor ted i n h i b i t o r y e f f e c t 
of lAA, CEPA (chloroethylphosphonic a c i d ) , p a c l o b u t e r a z o l 
and GAo on the a c t i v i t y of NR^both in the roo t s and shoots 
of 5-day old pea p l a n t s . 
Munoz et a l . (1992) observed t h a t out of e i g h t 
n a t u r a l l y occuring cytokinins in the cotyledons of C i c e r 
ar ie t inum L. seeds, i sopentyl adenine r i b o s i d e exer ted i t s 
main effect on the metabolism of r e se rve l i p i d s . I t was 
l e s s e f f i c i en t with respect t o the metabolism of c a r b o -
hydra tes and p r o t e i n s , Tsopentyl adenine had a r e g u l a t o r y 
e f f e c t only on carbohydrate metabolism. 
De-Bruijin ^ t a^, (1993) repor ted t h a t the r e l e a s e 
of sucrose from modified P. satiyum ovules with the use of 
a w i l t y Pea mutant, remained unaffected by the l e v e l of 
ABA but sucrose l eve l l imited the c o n d i t i o n s . 
Miyamoto ejb a l . (1993) observed t h a t the e longa t ion 
of growing subhooks of Alaska pea e t i o l a t e d s e e d l i n g s was 
enhanced by both GA and lAA t o a comparable l e v e l . In 
c o n t r a s t to lAA, GA increased the amount of so lub le sugars 
and the a c t i v i t y of i n v e r t a s e . I t was presumed t h a t both 
t he hormones st imulated the growth through a d i f f e r e n t 
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mode of action, GA-lnduced effect was overcome by cyclo-
heximide. The activity of invertase, the level of soluble 
sugars and growth rate were highly correlated with each 
other. It was, therefore, suygested that GA action was 
mediated by the increased activity of invertase. 
Thind et £l, (1993) noted that the level of auxin, 
GA and ABA in the developing seeds of Arachis hypoqea L, 
was low initially but attained peak, at week 4 (auxin, GA) 
and 8 (ABA), after flowering, followed by a decline. The 
period upto week 4 was an active period for starch synthesis, 
whereas the protein content was initially higher but declined 
subsequently. The activity of cC-amylase was low at week 2 
and 4, but increased^thereafter. High of-amylase activity 
was associated with a decrease in starch content. The 
study of the pattern of distribution of metabolites indi-
cated that ABA altered the partitioning of sucrose into 
oil, during latter stages of seed development. 
Ahmad (1994) studied by decapitation and replacing 
—3 the apex with lanoline paste containing lAA (10" M), in 
11 day old cuttings of P. sativum. He observed that the 
level of nitrate and the activity of NR both in the rooting 
zone and leafy parts were not dependent on endogenous 
auxin of the pea cuttings, supplied by its apex, during 
the first five days of the rooting period. 
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Mohsen-Awalif e t a l . (1994) reported a s l i g h t 
i n c r e a s e in the carbohydrate con ten t , under va r ious 
moisture con ten t s , of cold stored seeds of pea. They 
noted tha t the leve l decreased with the advancement of 
t h e growth. After 15 days of sowing, GA3 at 10>i mois ture 
seemed to induce a drop in the carbohydrate con ten t of 
t h e plant organs and whole s e e d l i n g s . At ^0-/. mo i s tu r e , 
GA3 increased the carbohydrate content of both r o o t s and 
l e a v e s , over the c o n t r o l . Kine t in was l ess suppress ive 
( a t lOyi moisture l e v e l ) than GA3 while lAA was i n e f f e c t i v e 
to carbohydrate accumulation in the whole p l a n t s a t 
e i t h e r lower or higher moisture l e v e l s . However, a f t e r 
30 days of growth, k ine t in a t 30>< moisture, favoured the 
h ighes t carbohydrate content in leaves followed by GA3 
than lAA, whereas a t ^0-/. mois ture , k ine t in was followed 
by lAA. At lO'/. mois ture , leaf carbohydrate was maximum 
wi th lAA followed by k i n e t i n and l e a s t by GA3 t r e a t m e n t , 
Tetteroo ^Jt _al_. (1995) noted higher r a t e of r e s p i r a -
t i o n and consumed almost a l l of t h e i r endogenous c a r b o -
hydra tes during the cu l tu re period of 10 days of c a r r o t 
embrolds. The addi t ion of 1,9 or 38 |aM of ABA t o the 
medium Inhibi ted r e s p i r a t i o n and the embryoids accumu-
l a t e d 20>( carbohydrate on dry weight b a s i s . Embryoids 
fed with 38 M^ of ABA acquired complete d e s i c c a t i o n 
t o l e r a n c e , whereas only 65-/. of the embryoids t r e a t e d 
wi th 1.9 jiM of ABA survived d e s i c c a t i o n . They suggested 
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tha t the reduced rate of resp i ra t ion of the developing 
embryoids might have resulted in lower free rad ica l 
l eve l s after dehydration, in t h i s way prevented a subse-
quent v iab i l i ty loss , 
Valerio and Labrador (1995) noted that incubation 
of the sections of the epicotyls of Cicer arietinum with 
lAA exhibited some minor changes in the e lec t rophore t ic 
pat terns of ce l l wall pro te ins . This tempted them to 
derive that no _de-novo synthesis of specific polypeptides, 
in response to the hormone, has taken place, although an 
increase in the intensity of some polypeptides was noted. 
Brief incubation with lAA led to a general increase in 
the specific ac t iv i t i e s of these different c e l l wall 
enzyme fractions, with the exception of cf-fractio©, with 
cc-galactosidase ac t iv i ty . Incubation, for longer period, 
resulted in an increase in the amount of protein 
associated with some of the enzyme f rac t ions , p a r t i -
cu l a r ly , p-III-galactosidase f rac t ion . I t was involved 
in the autolytic process of c e l l wall of chick-pea e p i -
co ty l s . They suggested that auxins induce c e l l wal l 
loosening by elevating the leve l of ce l l wall glycan-
hydrolytic proteins. 
Zabotina et £ l , (1995) hydrolysed the c e l l wall 
pectins of 10-12 day old p . sativum shoots for the 
presence of oligosaccharide. Two active fract ions were 
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Iden t i f i ed , of which one stimulated and other inhibi ted 
root formation, In thin layer explants of buckwheat 
hypocotyls. The ce l l sap also possessed two act ive f rac-
t i ons which inhibited the root formation to a d i f ferent 
extent and exhibited anti-auxin ac t iv i ty in b io t e s t with 
pea stem segments. A poss ib i l i ty of the existence of 
l a t e n t and active oligosaccharins in a plant c e l l was, 
therefore , suggested, 
pathak and Goswami (1996) extracted and purified 
the bark sap of Citrus lemon to observe the level of 
phenolics and ABA-llke substances. After dividing the 
whole year of experiment in to active and inact ive periods, 
i t was reported that higher level of ac t iv i ty for both 
the substances occured during inact ive growth phase 
r a the r than active phase. 
2.5 Conclusion 
The l i t e r a t u r e , reviewed above reveals that not 
much work has been done on growth hormones with regard 
to the i r roles in rooting, vegetative growth and plant 
metabolism. Thereforet i t i s considered desirable to 
undertake detailed s tudies . 
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CHAPTER - THREH 
MATERIALS AND METHODS 
•^'^ proposed Study 
To ach ieve t h e o b j e c t i v e s mentioned e a r l i e r 
( C h a p t e r - l ) i t i s proposed t o conduct four pot e x p e r i m e n t s 
w i t h pea (pisum sat ivum c v , A r k e l ) du r ing t h e • r a b i ' ( W i n t e r ) 
s e a s o n . The d e t a i l s of m a t e r i a l s and methods t o be adopted 
a r e exp la ined in the fo l lowing p a g e s . 
3 . 2 Seeds 
The authent ic seeds of pea (pisum sativum c v . Arkel) 
w i l l be obtained from Nat ional Seed Corporat ion, I . A . R . I . , 
New Delhi , The healthy seeds of uniform size w i l l be t e s t ed 
for t h e i r percent v i a b i l i t y . Mercuric ch lor ide s o l u t i o n 
(O.Ol^) w i l l be used for surface s t e r e l i z a t i o n . The seeds 
w i l l then be washed t h r i c e with double d i s t i l l e d water to 
remove the adhering s o l u t i o n . 
3 .3 sand P u r i f i c a t i o n 
Sand w i l l be washed once with tap water and then 
l e f t in hydrochloric acid (18j<)^ for 24 hours^in p l a s t i c 
bucke t s . The next day, i t w i l l be thoroughly leached by 
using tap water which w i l l be allowed to perco la te upward, 
in the buckets , by using g l a s s tube . Final washing w i l l be 
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done with demineralized wa te r , before being t r a n s f e r r e d 
t o the po t s . 
3 .4 Preparat ion of Pots 
Earthen pots of 6 inch diameter w i l l be used in 
these experiments. The inner wal l of each pot w i l l be l ined 
wi th polythene sleeves whose o ther end w i l l be allowed t o 
pass through the opening a t the base of each pot . I t w i l l 
f a s c i l i t a t e the drainage and a e r a t i o n . Each pot w i l l be 
f i l l e d with an equal quan t i ty of the sand and l ined proper ly 
in the net house. 
3 .5 Experiment - 1 
9 Surface s t e r i l i z e d pea seeds w i l l be soaked in lO , 
7 "S 
10 or 10 M aqueous so lu t ion of lAA, IBA or GA for 6 , 12 
and 18 hours in s t e r e l i zed p e t r i p l a t e s kept in a BCD incuba to r 
running at 25°C. The seeds during each soaking pe r i od , w i l l 
be assessed for the ra te of water uptake (g h~ ) . At each 
sampling, the cotyledons and embryos w i l l be quan t i f i ed 
sepa ra t e ly for I 
1. Ni t ra te reductase a c t i v i t y (NRA) 
2 . flf-amylase ( ra te of break down of s t a r c h ) 
3 . Reducing and Non-reducing sugars 
4 . Soluble and Insoluble carbohydra tes 
5 . Soluble and Insoluble p r o t e i n s 
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6. Ni t ra te content 
7 . N i t r i t e content 
8. N,P and K conten ts and 
9 . Auxin-like substances 
3 .6 Experiment ~ 2 
The ef fec t of pre-sowing seed treatment w i th the 
hormones (lAA, IBA and GA) on the physiomorphological 
changes in the seedl ings w i l l be s tud ied . The su r face 
-9 - 7 
s t e r e l i z e d seeds of pea w i l l be soaked in lo » 10 or 
—5 10 M aquous so lu t ion of lAA, IBA or GA for 6, 12 and 18 
hours . Seven pre~treated eeeds , from each t r ea tmen t , w i l l be 
sown in every pot ( f i l l e d with acid washed sand) . Vi/atering 
w i l l be done d a i l y , while 50 ml of nu t r i en t s o l u t i o n w i l l 
be given on a l t e r n a t e days, upto day 4 . With the p rogress 
of growth, the quant i ty of the sol t i t ion w i l l be increased 
t o 250 ml. The th in ing w i l l be done a f t e r the germinaton 
and three p lan t s per pot w i l l be maintained. Sampling w i l l 
be done at 25, 35, and 45 days , a f t e r sowing ( D A S ) . The 
following c h a r a c t e r i s t i c s w i l l be studied in roo t s and 
shoots separa te ly , a t each sampling s tage . 
[ a ] Morphological C h a r a c t e r i s t i c s 
1. Shoot length 
2. Leaf number per plant 
3. Root length 
4. Fresh weight of root 
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5, Dry weight of root 
6, Fresh weiqht of shoot and 
7, Dry weight of shoot 
[ b ] Chemical A n a l y s i s 
The fo l lowing w i l l be a s s e s s e d , s e p a r a t e l y i n r o o t 
and s h o o t , a t each s t age of s ampl ing . 
1 . A u x i n - l i k e subs t ances 
2 . K ' i t r a t e r educ t a se a c t i v i t y 
3 . Soluble and I n s o l u b l e c a r b o h y d r a t e s 
4 . Soluble and I n s o l u b l e p r o t e i n s 
5 . N i t r a t e con ten t 
6 . N i t r i t e c o n t e n t 
7 . N,P and K c o n t e n t s 
3 . 7 Experiment - 3 
The su r face s t e r e l i z e d pea seeds w i l l be sown i n 
6 i nch p o t s , f i l l e d w i t h ac id washed sand. These p o t s w i l l 
be d iv ided i n t o t h r e e g roups . The f i r s t w i l l be s u p p l i e d 
w i t h 50 ml of 10"^ , 10"^ or 10 M of lAA, IBA o r GA on day 
7 , second on day 14 , and t h i r d bo th on day 7 and 1 4 , a f t e r 
sowing . The p l a n t s w i l l be r a i s e d , sampled and a n a l y s e d i n 
t h e same way as in e x p e r i m e n t - 2 f o r t h e i r r o o t and shoo t 
c h a r a c t e r i s t i c s . 
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3 . 8 Experiment - 4 
Au then t i c s u r f a c e s t e r i l i z e d seeds of pea w i l l 
be soaked i n 10"^ , 10'"'^ or 10~^M s o l u t i o n of lAA, IBA, or 
GA fo r 12 and 18 h o u r s . These p r e - t r e a t e d seeds w i l l be 
sown i n 6 i n c h p o t s , f i l l e d w i t h a c i d washed s and . 
A d d i t i o n a l q u a n t i t y of the same c o n c e n t r a t i o n of e a c h 
hormone t o t h e r e s p e c t i v e p o t s w i l l a l s o be s u p p l i e d 
e i t h e r on day 7 or 14 or bo th a t 7 and 14 ( E x p e r i m e n t - 2 ) . 
The d e i o n i z e d w a t e r and the n u t r i e n t s o l u t i o n w i l l be 
p r o v i d e d a t t h e same i n t e r v a l a s i n Expe r imen t -2 . The 
p l a n t s w i l l be sampled and a n a l y s e d i n the same way a s 
i n E x p e r i m e n t - 2 . 
3 . 9 N u t r i e n t S o l u t i o n 
Stock s o l u t i o n of the e s s e n t i a l macro and m i c r o -
n u t r i e n t s (Tab le 1 ) w i l l be p r e p a r e d accord ing t o H e w i t t 
( 1 9 6 6 ) and w i l l be d i l u t e d w i t h d e i o n i s e d wa te r ( T a b l e 2 ) 
f o r w a t e r i n g t h e p l a n t s , 
TABLE - 1 S tandard Stock S o l u t i o n of macro and m i c r o n u t r i e n t s 
S a l t s Q u a n t i t y ( g ) i n 100 ml 
( a ) M a c r o n u t r i e n t s 
Ca(N03)2 (Anhydrous) 32.8Q 
KNO3 20.80 
MgSO4.7H20 18.40 
^3}i^0^.2H.JD 20.80 
P®<^6"5^7'^"2^ 0 5 . 9 8 
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( b ) M l c r o n u t r i e n t s 
MnSO^.AH^O 2.230 
CuS0^.4H,^C 0 .250 
ZT)SC^,7H^0 0 .290 
H3BO3 1.860 
(NH4)^.M0y024.4H20 0 .088 
TABLE - 2 N u t r i e n t s o l u t i o n w i l l be p repared from s t o c k 
s o l u t i o n . 
Standard Stock S o l u t i o n V o l . (ml) pe r l i t r e 
( a ) Macronu t r i en t s 
Ca(N03)2 2.00 
KNO3 2.00 
MgSO^.THgO 2,00 
NaH^0^.2H20 1.00 
F e r r i c c i t r a t e 0 .58 
( b ) M l c r o n u t r i e n t s 0 . 1 (of e a c h s t o c k 
s o l u t i o n ) 
Deionised wa te r 992.4 
3 . 1 0 Sampling Technique 
At each sampl ing , the po ly thene s l e e v e s w i t h t h e 
whole mass of sand and p l a n t s w i l l be pu l l ed out of t h e 
p o t s and dipped i n t o t h e bucke t s f i l l e d w i t h w a t e r I n 
o r d e r t o ge t i n t a c t r o o t sys tem. The p l a n t s w i l l t h e n be 
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washed under running water to remove adhering sand 
particles. Root and shoot will be separated from each other 
to study growth characteristics and analyzed chemically. 
3,11 Chemical Analysis 
The procedures adopted to estimate various components 
are being described below, in details. 
3.11.1 Estimation of Nitrate Reductase Activity 
The enzyme (E.G. 1.6.6.1) activity will be determined 
according to the method of Jaworski (1971). Biological 
samples will be cut Into small pieces of which 200 mg will 
be weighed and transferred to polythene vials (25 ml), 
2.5 ml of phosphate buffer (Appendix 1.1), 0.5 ml of 0.2 M 
potassium nitrate (Appendix 1.2) solution and 2.5 ml of 
5j< isopropanol (Appendix 1.3) will be added. At least two 
drops of chloramphenicol will also be added to check 
bacterial growth in the test samples. These vials will 
be incubated in a BCD incubator at 30*^ C for 2 hours, in 
dark. 
3.11.1.1 Development of Colour 
0.4 ml of the above aliquot vyill be taken in a 
test tube to which, 0.3 ml each of sulphanilamide (Appendix 
1.4) and ^ ED-^C1 (Appendix 1.5) will be added. The test 
tube will be left for 20 minutes for colour development. 
The mixture will be diluted to 5 ml with sufficient amount 
of distilled water. The per cent transmittance will be 
33 
read a t 540 nm, using a blank, wi th the help of a ' Spec t ronic 
20* co lo r ime te r . 
A standard curve w i l l be p l o t t e d by using known 
d i l u t i o n s of standard sodium n i t r i t e so lu t i on and the 
read ing of each sample w i l l be compared with t h i s s tandard 
curve and NRA w i l l be expressed in moles h" g~ F.W. or 
n moles h~ g~ F.Vi. 
3 .11 .2 g-Amylase Ac t i v i t y 
a-amylase (H.C. 3 . 2 . 1 . 1 ) a c t i v i t y w i l l be determined 
following the method of Jones and Varner (1967) . 
3 . 1 1 . 2 . 1 Extrac t ion and e s t ima t ion 
The plant samples w i l l be homogenised in 2 ml 
s o l u t i o n , conta in ing ace ta t e buffer of pH 4 ,8 (Appendix 
2 . 3 ) and 20 \i moles of calcium c h l o r i d e . The s o l u t i o n 
w i l l be t rans fe r red t o a c en t r i f uge tube with repea ted 
washings with d i s t i l l e d water so t h a t the f i n a l volume 
may become 5 ml and w i l l be cen t r i fuged for 10 minu tes , 
a t 2,000 Xg. 
The assay for a-amylase w i l l be accomplished by 
us ing su i tab le volumes (0 .02 -0 .2 ml) of the superna tan t 
f r a c t i o n of the medium toge ther w i th su f f i c i en t wa te r t o 
make a t o t a l volume of 1.0 ml. To t h i s w i l l be added 
1.0 ml of s t a rch s u b s t r a t e t o s t a r t the r e a c t i o n . I t 
w i l l be allowed to continue for a s u i t a b l e period ( I - I O 
min) . The reac t ion w i l l be stopped by the add i t ion of 1 ml 
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of iodine reagent (Appendix 2 . 2 ) . To t h i s r e a c t i o n mixture , 
5 ml of d i s t i l l e d water w i l l be added and the o p t i c a l 
d e n s i t y read a t 620 nm. 
As the s t a rch w i l l breakdown by the add i t ion of 
ct-amylase i t w i l l cause a decrease in op t i ca l d e n s i t y . 
Th i s decrease w i l l be d i r e c t l y p ropor t iona l t o the amount 
of oc-amylase in the react ion mixture . The a c t i v i t y of the 
enzyme al iquot and the time of r e a c t i o n w i l l be adjusted 
so t h a t op t ica l dens i ty of s t a rch iod ine complex w i l l be 
about half the op t ica l densi ty of ' Z e r o ' time c o n t r o l . 
O.D. values w i l l be converted to micrograms of a-amylase 
r e l e a s e d using a fac tor which w i l l be obtained for each 
p a r t i c u l a r s t a r ch sample by incubat ing with a pure a-amylase 
p r epa ra t i on . I t w i l l be ind ica t ive of the time r equ i r ed t o 
breakdown s t a rch - iod ine complex complete ly . 
,^v>.."\oo<s O.D. x Tv x C.F» jig (x-amylase s= 
t X V 
Where, 
O.D. = O.D. of zero t ime c o n t r o l - O.D. of sample 
Tv = Volume of s u p e r n a t a n t 
C . F . = Convers ion f a c t o r for s t a r c h sample 
t = Time r e q u i r e d for i n c u b a t i o n w i t h s t a r c h 
V = Volume of s u p e r n a t a n t t a k e n fo r i n c u b a t i o n 
3 . 1 1 , 3 Es t ima t ion of Aux in - l i ke Subs tances 
This w i l l be done by us inq t h e s t a n d a r d s p l i t 
p e a - s t e m c u r v a t u r e t e s t . 
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3.11.3.1 Standard Auxin Solution 
20 mg of i ndo le -3 -ace t i c acid w i l l be d i s so lved in 
2 ml of O.l N sodium hydroxide (Appendix 3 .1 ) s o l u t i o n 
in a ino ml volumetric f l a s k . To t h i s w i l l be added about 
80 ml of double d i s t i l l e d water and the pH n e u t r a l i z e d by 
the addit ion of I N hydrochlor ide acid (Appendix 3 . 2 ) . 
The volume w i l l f i n a l l y be made upto the mark wi th double 
d i s t i l l e d water . Graded c o n c e n t r a t i o n s of t h i s s tandard 
so lu t ion w i l l be used to p l o t a s tandard c u r v e . 
3 .11 .3 .2 S p l i t Pea-stem Curva tu re Test 
This t e s t w i l l be conducted according to the method 
of Kent and Gorther (1951). 
3.11.3.3 Raising of Seedlings 
Surface sterelized pea seeds will be soaked in water 
for about 24 hours to ensure seed viability. The seedlings 
will be raised in acid washed sand in fjlastic trays and 
placed in BCD incubator at 27^2 C in continuous dark. 
Complete nutrient solution will be given to the seedlings 
as and when regulred. Blue-i^reen light will be used during 
inspection. From the seventh day onwards, red light exposure 
will be given daily for 20-40 minutes. Harvesting will be 
done in red light when the 4th internode is about 5 mm long. 
The stem will be splitted by making a longitudinal cut 
through the upper part of the internode just below the first 
bud. 
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3.11.3.4 Extraction 
Auxin-like substances will be extracted from the test 
material according to the method of Sircar and Das (1954). 
0.75 g of sample material will be ground finely in a 
glass mortar with 5 ml of water and an equal quantity of 
specially cleaned sand. The ground material will be trans-
ferred carefully to a 25 ml pyrex-glass centrifuge tube, 
the residue remaining in the mortar will be transferred to 
the tube by three washings with 10 ml of water. The material 
will be centrifuged at 4,000 rpm, for 15 minutes. The super-
natant will be transferred to a measuring flask and will 
be suitably diluted and assayed for auxin activity. 
3.11 .3 .5 Measurement of Pea-curvature 
From the harvested seedlings 5-10 split-stems of 3.5 cm 
size each having a 3 cm longitudinal cut, will be placed in 
the dark. These split sections are expected to show two types 
of curvatures depending on the concentrations of the auxin-
like substances in the test solutions, (a) outward curvature 
which is regarded as negative angle produced at lower 
concentrations of auxin (b) Inward curvature which is consi-
dered as positive angle produced at the higher concentrations 
of auxin. 
Outward curvature will be measured as the angle (p ) 
between the uplift part of the . section and the tangent 
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a t the extreme t i p and a t the poin t of i n f l e c t i o n of the 
lower par t of the arm. 
Relative auxin- l ike substances w i l l be c a l c u l a t e d wi th 
the help of the ca l ib ra t ed curve , p lo t ted by us ing graded 
concent ra t ions of i ndo le -3 -ace t i c ac id . 
3 .11 .4 Estimation of N i t r a t e 
The n i t r a t e content w i l l be estimated fol lowing the 
method of Johnson and Ul r lch (1950) . 
3 .11 .4 .1 prepara t ion of powder 
p lan t samples w i l l be dr ied overnight , in an oven a t 
80 C. These samples w i l l be ground in an e l e c t r i c g r inde r 
and the powder passed through a 72 mesh screen and s tored in 
polythene bag. fciach sample, before ana lys i s , w i l l again be 
d r i ed overnight in an oven a t 80 C on a c lean s h e e t of pape r . 
In the morning the samples w i l l be placed in a d e s s i c a t o r 
fo r 15 minutes for cooling under dry c o n d i t i o n s . 
3 .11 .4 .2 ex t rac t ion and Colour Development of N i t r a t e 
50 mg of the above powder w i l l be weighed and t r a n s f e r r e d 
t o a dried centr i fuge tube (25 ml) with the a d d i t i o n of 400 mg 
calcium sulphate and 12.5 ml of double d i s t i l l e d w a t e r . 
The sample wi l l be centr i fuged for 10 minutes a t6 ,0u0 
rpm. The supernatant w i l l be t r ans fe r red to a 50 ml con i ca l 
f l a s k containing 1 ml of C^y. calcium carbonate suspens ion . 
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The excess so lu t ion wi l l be evaporated a t waterba th leav ing 
the f ina l volume to 5 ml on ly . 0 ,5 ml of hydrogenperoxide 
i30yi) w i l l be added to the above so lu t ion and the f l a sk 
w i l l be removed and the so lu t ion in the f l ask w i l l be heated 
fu r the r to dryness in a water bath in order to remove the 
peroxide . The f lask wi l l be cooled and 1.25 ml of p h e n o l - d i -
sulphonic acid (Appendix 4 , 1 ) w i l l be r ap id ly added with 
continuous s t i r r i n g . 35 ml of d i s t i l l e d water w i l l a l s o 
added to t h i s so lu t ion . L a s t l y , 3 ml of 50>< ammonium hydroxide 
so lu t i on w i l l be p ipe t ted i n t o i t , yellow colour developed. 
The transmittance wi l l be noted a f t e r 15 minutes a t 40u nm, 
using a spectronic* - 20 c o l o r i m e t e r . A standard curve w i l l 
be p lot ted using the graded concen t ra t ions of s tandard n i t r a t e 
so lu t ion of potassium n i t r a t e . 
3 .11 .5 Estimation of N i t r i t e 
luO ml volumetric f l a s k s of uniform dimensions and 
co lour w i l l be se lec ted , 2 gm un t rea ted sample w i l l be 
placed in each f l a sk . Then, O, 5 , 10, 15, 25, 30, and 35 ml 
standard n i t r i t e solut ion w i l l be added, r e s p e c t i v e l y and i t 
w i l l be d i lu ted with d i s t i l l e d water to make 80 ml. While 
adding standard solut ion and wa te r , the f l a sk w i l l be shaken 
we l l to moisten and d i sperse sample, before mixture becomes 
too d i l u t e . 
2 gm sample wi l l be added i n t o s imi l a r f lask and 80 ml 
of water wi l l a l so be added. The f l ask w i l l be placed in 
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water bath a t 40*\: and w i l l be d iyes ted a t l e a s t for 15 
minutes , 2 ml of su lphan i l i c acid so lu t ion (Appendix 5 , 1 ) 
w i l l be added to each f lask in succession and i t w i l l be 
mixed thoroughly af ter t h a t 2 ml of a-naphthylamine hydro-
ch lo r i c acid solut ion (Appendix 5 .2) w i l l be added, u i y e s t i o n 
of the sample w i l l be continued for 20 minutes from the time 
of add i t i on t o l a s t f l a s k . Samples w i l l be shaken occas ion-
a l l y dur ing f i r s t 10 minutes and w i l l be l e f t to s e t t l e 
the sample l a s t 10 minutes. 
The f lask wi l l be removed from water bath wi thout 
d i s t u r b i n g the se t t l ed sample. The dens i ty of the colour of 
the sample w i l l be compared with the s e r i e s of standard 
so lu t i on and w i l l be es t imated to the c l o s e t match. Standard 
curve w i l l be plot ted by d i s so lv ing s i l v e r n i t r a t e (AgNOo) 
in hot water (Appeuaix 5 , 3 ) , 
3 ,11,6 Ex t r ac t ion and Est imat ion of Sugars 
The methodology explained in AOAC (1995) w i l l be 
fol lowed, 
3 , 1 1 . 6 , 1 Ex t rac t ion of Sugars 
The f lask containing 5,675 gm sample w i l l be wet tea 
with 5 ml a l coho l . The f lask w i l l be topped a t one s ide 
and 50,0 ml of acetate buffer so lu t ion (Appendix 6.1) w i l l 
be added, keeping so lu t ion from coming in con tac t with the 
sample u n t i l l a l l wi l l be added to f l a s k . Then f lask w i l l be 
shaken to br ing the sample i n t o suspension. Immediately 
2 ml sodium tungsta te (Appendix 6,2) s o l u t i o n w i l l be added 
and mixed thoroughly. Then i t w i l l be f i l t e r e d a t once 
d i sca rd ing f i r s t 8-10 drops of f i l t r a t e . 
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3.11.6.2 Estimation of Reducing Sugars 
The sample extract, (5 ml) will be pipetted into 
75 ml test tube and 10 ml of ferricyanide solution 
(Appendix 6,3) \wi31 be added in the test tube and will 
be inversed in vigorously boiling water bath, so that liquid 
will remain 3-4 cm below surface of boiling water in the 
test tube. 
After exactly 20 minutes in boiling water bath, the 
tube with contents will be cooled under running water and 
poured at once into 100 ml flask. After rinsing the test 
tube with 25 ml acetate buffer solution and niixing thoroughly, 
one ml starch potassium iodide solution (Appendix 6.5) will 
be added. Titration will be done with o.l N sodium thio-
sulphate solution (Appendix 6.6) untill blue colour dis-
appears. The amount of u.l N sodium thiosulphate used in 
titration will be substracted from 10.00. The difference 
will represent definite quantity of reducing sugar per 
10 gm sample as maltose from Table 3. 
3.11.6.3 Estimation of Won-reducinq Sugars 
5 ml sample will be pipetted in the test tube and will 
be immersed in vigorously bcoling water bath. After boiling 
for 15 minutes, the test tube and contents will be cooled 
in running water and 10 ml ferricyftnide will be reduced 
after hydrolysis - ferricyanide will be reduced by maltose 
Table 3 . 0.1 N Ferrlcyanide Maltose-Sucrose Conversion Table* 
0.1 N Ferrl-
cyanide 
Reduced 
ml 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2,90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
Maltose 
per 10 g 
sample 
mg 
5 
10 
15 
20 
25 
31 
36 
41 
46 
51 
56 
60 
65 
71 
76 
80 
85 
90 
96 
101 
106 
111 
116 
121 
126 
130 
135 
140 
145 
150 
156 
161 
166 
171 
176 
182 
188 
195 
201 
207 
213 
218 
225 
231 
Sucrose 
per 10 g 
Sample 
mg 
5 
10 
15 
19 
24 
29 
34 
39 
43 
48 
52 
57 
62 
67 
71 
76 
81 
86 
91 
95 
100 
104 
109 
114 
119 
123 
128 
133 
138 
143 
148 
152 
157 
161 
166 
171 
176 
181 
185 
190 
195 
200 
204 
209 
0.1 Ferrl-
cyanide 
Reduced 
ml 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.7© 
5.80 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 
6.60 
6.70 
6.80 
6.90 
7.00 
7.10 
7.20 
7.30 
7.40 
7.50 
7.60 
7.70 
7.80 
7.90 
8,00 
8.10 
8.20 
8.30 
8.40 
8.50 
8.60 
8.70 
8.80 
Maltose 
per 10 g 
sample 
mg 
237 
244 
251 
257 
264 
270 
276 
282 
288 
295 
302 
308 
315 
322 
328 
334 
341 
347 
353 
360 
367 
373 
379 
385 
392 
398 
406 
412 
418 
425 
431 
438 
445 
451 
458 
465 
472 
478 
485 
492 
499 
505 
512 
519 
Sucrose 
per 10 g 
sample 
mg 
214 
218 
223 
228 
233 
238 
242 
247 
251 
256 
261 
266 
270 
275 
280 
285 
290 
294 
299 
304 
309 
313 
318 
323 
328 
333 
337 
342 
347 
352 
357 
362 
367 
372 
377 
382 
387 
392 
397 
402 
407 
-
-
"^ 
*These values are a rb i t ra r i ly given for 10 g sample although 
determination is made on only 0.5 g sample. 
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in the sample + Non reducing sugars w i l l be c a l c u l a t e d as 
sucrose andvdll be determined from Table 3 . 
3 .11 .7 Est imation of Carbohydrates 
Extrac t ion of carbohydrate w i l l be done according to 
the method of Yih and Clark (1965) and est imated by the 
method of Dubois e t al_. (1956) . 
The dry samples w i l l be ground to f ine powder and 
passed through a 72 mesh s i e v e . The powder (50 mg) of each 
p l a n t sa^nple w i l l then be t r a n s f e r r e d to a g l a s s c e n t r i f u g e 
t u b e . 5 ml of SOji e thyl a lcohol w i l l be added to i t and 
heated on a water bath a t 60 C» for lu minutes . The sample 
w i l l be cooled and centr i fuged a t 4,O00 rpm, for lO minutes . 
The supernatant w i l l be poured i n t o a 25 ml volumetr ic 
f l a sk with three washings and f i n a l volume w i l l be made up 
wi th SO/ e thyl a lcohol . The r e s idue w i l l be preserved in the 
same tube for the ex t rac t ion of insoluble ca rbohydra t e . 
1 ml of t h i s e x t r a c t w i l l be t r ans fe r r ed to a t e s t tube and 
evaporated to dryness on a water ba th , the t e s t tube then 
w i l l be cooled and 2 ml of d i s t i l l e d water w i l l be added. 
The e x t r a c t w i l l be used for the es t imat ion of s o l u b l e 
carbohydra te . 
To the r e s idue , 5 ml of 1.5N sulphuric acid (Appendix 7 ,1 ) 
w i l l be added and heated on a water bath a t luO C, fo r two 
hours . This diyested sample w i l l be cent r i fuged , a f t e r 
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being cooled a t 4,uOO rpm. The supernatant w i l l be c o l l e c t e d 
in 25 ml volumetric flask with th ree washings. The f i n a l 
volume w i l l be made with d i s t i l l e d water , 1 ml of the 
e x t r a c t and 1 ml of d i s t i l l e d water w i l l oe taken in a 
t e s t tube for the estlr^ation of insoluble ca rbohydra te . 
To each t e s t tube, con ta in ing the e x t r a c t of so lub l e 
or insoluble carbohydrate, 5 ml of ^'/. d i s t i l l e d phenol 
(Appendix 7 ,2) w i l l be added with the help of p i p e t t e 
followed by the addit ion of 5 ml of concentrated su lphur ic 
a c i d . The t e s t tube w i l l then be shaken we l l , a f t e r which 
the colour w i l l develop. The t e s t tube w i l l be cooled by 
p lac ing i t in ch i l l ed water . After 30 minutes, the s o l u t i o n 
w i l l be t rans fe r red into a co lo r ime t r i c tube and the 
o p t i c a l dens i ty w i l l be measured a t 490 nm on a s p e c t r o n i c 
- 2 0 ' co lo r imete r . A blank w i l l a l so run s imul taneous ly . 
The carbohydrate content w i l l be ca lcula ted by comparing 
the op t i ca l dens i ty of the sample with a c a l i b r a t i o n curve 
p lo t t ed by taking known d i l u t i o n s of a standard s o l u t i o n 
of chemically pure glucose. 
3 . 11 .8 Est imat ion of P ro te ins 
The p ro te in leve l in the sample w i l l be determined 
by following the method of Lowry e t aj.. (1951). 
3 .11 .8 .1 Ext rac t ion of Soluble and Insoluble P r o t e i n s 
50 my powaer of the sample w i l l be t r ans fe r r ed to a 
mortar and ground with the add i t ion of 5 ml of double 
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d i s t i l l e d water and co l l ec ted in a cen t r i fuge tube wi th a t 
l e a s t three washings. The sample w i l l be cen t r i fuged a t 
A)JOO rpm for 10 minutes. The supernatant w i l l be c o l l e c t e d 
in a 25 ml volumetric f lask toye ther with two washings of 
the residue with double d i s t i l l e d water and preserved for 
the est imation of soluble p r o t e i n . 
To the above r e s idue , 5 ml of 5;< TCA ( T r i c h l o r o a c e t i c 
a c i d ) w i l l be added and allowed t o stand a t room temperature 
fo r 3o minutes with thorough shaking. I t w i l l be cen t r i fuyed 
a t 4)X)U rpm for 10 minutes and the supernatant w i l l be 
d iscarded . Now 5 ml of 1 N sodium hydroxide so lu t i on w i l l 
be thoroughly mixed with the res idue and allowed to stand 
in a water bath a t So 'b , for 30 minutes. I t w i l l be cooled 
and centrifuged a t 4p00 rpm. The supernatant t oge the r with 
th ree washings with 1 N sodium hydroxide w i l l be c o l l e c t e d 
i n 25 ml volumetric f l a sk . The volume w i l l be made upto the 
mark with 1 N sodium hydroxide and w i l l be used for the 
est imat ion of insoluble p r o t e i n , 
3 .11 .8 .2 colour Development of Soluble P r o t e i n s 
One ml of the above water e x t r a c t w i l l be t r a n s f e r r e d 
t o a 10 ml t e s t i t u b e and 5 ml of Reagent C(Appendix 8 .3) 
w i l l be added to i t . The so lu t ion w i l l be mixed wel l and 
allowed fco stand for 10 minutes a t room tempera tu re . Then 
0 ,5 ml of F o l i n ' s reagent (Appendix 8.5) w i l l be added r a p i d l y 
with thorough mixing. After 30 minutes , the blue coloured 
4 4 . 
so lu t ion w i l l be t ransfer red to a co lo r ime t i i c tube and 
the per cent transmttt^nce w i l l be noted a t 660 nm on the 
Spect ronic-20 ' co lo r ime te r . A blank w i l l be run wi th each 
sample. The so luble pro te in content w i l l be c a l c u l a t e d by 
comparing the o p t i c a l dens i ty of each sample with a c a l i -
b r a t i o n curve p lo t t ed by taking known d i l u t i o n of a standard 
so lu t ion of egg-albumin. 
3 .11 .8 .3 co lour Deve3)ppment of Inso lub le P r o t e i n s 
One ml of sodium hydroxide e x t r a c t w i l l be t r a n s f e r r e d 
t o a 10 ml t e s t tube and to i t , 5 ml of Reagent D (Appen-
d ix 8.4) w i l l be added. The so lu t ion w i l l be mixed wel l 
and allowed to stand for iO minutes a t room tempera tu re . 
Now 0.5 ml of F o l i n ' s reagent (Appendix 8 .5) w i l l be 
added rapid ly with immediate mixing. After a lag of about 
30 minutes, the measurement of i n t e n s i t y of the co lou r and 
o ther c a l c u l a t i o n s w i l l be made in the same way as in 
so luble p r o t e i n . 
3 .11 .9 Est imation of N,P and K 
The following methodology w i l l be adopted fo r the 
es t imat ion of n i t rogen (N), phosphorus ( ? ) and potassium 
(K) in p lan t samples. 
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3 .11 .9 .1 Digestion of Powder 
ICX) mg oven dried sample powder w i l l be taken in a 
50 ml kjeldahl f l a sk . To t h i s , 2 ml of concentra ted s u l -
phuric acid wi l l be added and mixture heated on a hea t ing 
mantle for 2 hours to achieve complete reduct ion of n i t r a t e 
p re sen t in the plant m a t e r i a l . The contents are expected 
t o turn black in t h i s d u r a t i o n . After cooling for 15 minu te s , 
0 .5 ml of chemically pure hydrogen peroxide (30^i) w i l l be 
aaded drop by drop and t h i s process w i l l be repea ted t i l l 
a c l e a r solut ion i s obtained. The peroxide d iges ted m a t e r i a l 
w i l l be t ransferred to a 100 ml volumetric f l a sk wi th a t 
l e a s t three washings with double d i s t i l l e d water and the 
volume wi l l be made upto the mark and used to e s t i m a t e 
the N, P and K conten ts . 
3 .11 .9 .2 Colour Development of Nitrogen 
Nitrogen wi l l be estimated according to the method of 
Lindner (1944). 
A 10 ml a l iquot of the peroxide digested m a t e r i a l w i l l 
be taken in a 50 ml volumetric f l a sk and to t h i s 2 ml of 
2 .5 N fodiuiu hydroxide w i l l be added to n e u t r a l i s e excess 
of the ac id . In order to prevent t u r b i d i t y , 1 ml of ip>< 
sodium s i l i c a t e solut ion w i l l be added and the volume of 
the solut ion w i l l be made upto the mark with the he lp of 
double d i s t i l l e d water, 5 ml of t h i s so lu t ion w i l l be taken 
i n a 10 ml graduated t e s t tube and 0 .5 ml of N e s s l e r ' s 
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reaqen t (Appendix 9.1) w i l l be added dropwise, being mixed 
thoroughly a f te r each drop . The f i n a l volume w i l l be made up 
wi th double d i s t i l l e d water and the tube w i l l be allowed t o 
s tand for about 5 minutes for maximum colour development. 
The so lu t ion wi l l be t r ans fe r r ed to a c o l o r i m e t r i c 
tube and the op t i ca l densi ty of the so lu t ion w i l l be determined 
a t 525 nm on a Bausch and Lomb ' Spectronic-20* c o l o r i m e t e r , 
A blank cons i s t i ng of d i s t i l l e d water and N e s s l e r ' s r eagen t 
w i l l be run simultaneously, A standard curve w i l l be p l o t t e d 
by using known d i l u t i o n s of a standard ammonium sulphate 
so lu t i on and the reading of each sample w i l l be compared 
wi th t h i s standard curve. Nitrogen in the sample w i l l be 
determined in terms of percentage on dry weight b a s i s . 
3 . 1 1 . 9 . 3 Colour Development of Phosphorus 
Phosphorus content in the peroxide diges ted samples 
w i l l be estimated by the method of Fiske and Subba Row (1925) . 
A 5 ml peroxide digestea a l i q u o t wi l l be taken in a 
10 ml graduated t e s t tube and 1 ml of 2.5>{ molybdic acid 
(Appendix 9.2) w i l l be added c a r e f u l l y , followed by the 
add i t i on of 0.4 ml of 1,/^,4-aminonapthosulphonic acid 
(Appendix 9 . 3 ) . The colour of the solut ion w i l l turn b l u e . 
Double d i s t i l l e d water w i l l be used to make the volume upto 
the mark. The so lu t ion w i l l be kept for 5 minutes to 
allow maxim' 111 colour development and then t r a n s f e r r e a to 
a co lo r ime t r i c tube . 
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The op t i ca l densi ty of the so lu t ion w i l l be read a t 
620 nm on a ' Spec t ron ic -20 ' co lo r ime te r , A blank w i l l be 
run simultaneously with each d e t e r m i n i t t o n . The s tandard 
curve w i l l be p lo t ted by using known concen t ra t ions of 
monobasic potassium phosphate s o l u t i o n . The read ing of 
the samples w i l l be compared with t h i s s curve and phosphorus 
con ten t in the p l an t sample w i l l be computed in terms of 
percentaqe on dryweiqht b a s i s . 
3 .11 .9 .4 Potassium 
Potassium content in the samples will be estimated 
flame photometrically. A 10 ml aliquot will be taken and 
will be read by using potassium filter. A blank containing 
only double distilled water will be run side by side. The 
readings will be compared with the calibration curve plotted 
for different dilutions of a standard potassium sulphate 
solution. 
3.12 Statistical Analysis 
The experimental data will be statistically analysed 
by adopting analysis of variance technique according to 
Gomez and Gomez (1984), 
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A P P E N D I X 
procedures for the p repara t ion of var ious r e a g e n t s 
to be used for bio-chemical ana lys i s a re as fo l lowst 
1.0 Reagents for the n i t r a t e reductase a c t i v i t y (NRA) 
1.1 Phosphate buffer (pH 7.5) 
( a ) 13,6 g potassium dihydrogen orthophosphate (KH2P0^) 
w i l l be dissolved in su f f i c i en t d i s t i l l e d wa te r t o 
make the f i n a l volume up t o 1,000 ml. This w i l l g i v e 
0 .2 M s o l u t i o n . 
( b ) 17.42 g d i -potass ium monohydrogen orthophosphate 
(K2HPO4) w i l l be dissolved in d i s t i l l e d wate r and the 
f i na l volume made upto 1,000 ml. This w i l l g ive 0.2M 
solu t ion , 
( c ) 16© ml of s o l u t i o n (a ) and 840 ml of s o l u t i o n (b ) w i l l 
be mixed In order to get the requi red pH 7 . 5 . 
1.2 Potassium n i t r a t e (0.2M) 
2.02 g potassium n i t r a t e w i l l be d issolved i n enough 
d i s t i l l e d water and the f i na l volume made upto 100 ml. 
1.3 Isopropanol s o l u t i o n (5yt) 
5 ml isopropanol w i l l be added to 95 ml d i s t i l l e d 
wa te r , 
1.4 Sulphanilamide so lu t ion {!'/) 
1 g sulphanilamide powder w i l l be d i sso lved i n 100 
ml 3N hydrochloric a c i d . 
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l . ^ . l Hydrochloric ac id (3N) 
26,2 ml pure hydrofchloric acid w i l l be added t o 
d i s t i l l e d water and t h e f i n a l volume made upto ICX) ml, 
1.5 Nephthyl e thylene diamine d i -hydroch lor ic a c i d , i , e , 
NED~HC1 iO,02'/.) 
20 mg N- l - (neph thy l ) -ethylene diamine d i - h y d r o c h l o r i c 
acid w i l l be d i s so lved in enough d i s t i l l e d water and the 
volume made upto 100 ml, 
2 .0 Reagents fo r g-^amylase a c t i v i t y 
2 . 1 p repa ra t ion of s t a r c h s u b s t r a t e 
-5 150 mg s t a r c h , 600 mg KH2pO^ and 2x10 g ca lc ium 
c h l o r i d e w i l l be added to s u f f i c i e n t d i s t i l l e d wate r so as 
to ge t a t o t a l volume of 100 ml s o l u t i o n . This w i l l be 
bo i l ed for 1 mln, cooled and centr i fuged a t 3,000 Xg fo r 
10 min. The c l e a r supernatant w i l l be used for the a s s a y , 
2 .2 Iodine reagent 
6 g potassium iod ide and 600 mg iodine w i l l be 
d i s so lved in d i s t i l l e d water and volume made upto 100 ml, 
1 ml of t h i s so lu t i on w i l l be added t o 0,5N hydroch lo r i c 
acid to give f i n a l volume of 100 ml, 
2 . 3 Acetate buffer (pH- 4 ,8 ) 
Stock so lu t ions ( a ) and (b) w i l l be prepared and 
mixed in the r a t i o given below: 
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( a ) 11.55 ml ace t i c acid w i l l be added t o d i s t i l l e d wate r 
and d i lu t ed to 1,000 ml. The r e s u l t i n g so lu t i on w i l l 
conta in 0.2M ace t i c ac id . 
( b ) 27.22 g sodium a c e t a t e w i l l be d i sso lved in d i s t i l l e d 
water and the f i n a l volume w i l l be made upto 1,000 ml. 
This w i l l give 0.2M sodium a c e t a t e s o l u t i o n . 
( c ) 41 ml a c e t i c acid so lu t ion ( a ) and 59 ml sodium a c e t a t e 
so lu t ion (b) w i l l be mixed toge ther in order t o ge t 
a buffer of pH 4 . 8 . 
3 .0 Reagents for aux in - l ike substances 
3 . 1 Sodium hydroxide so lu t ion (IN) 
10 g NaOH wi l l be d issolved in d i s t i l l e d _ w a t e r and 
f i n a l volume made upto 250 ml. 
3 .2 Hydrochloric acid (IN) 
8.73 ml hydrochloric acid w i l l be mixed in ^ d i s t i l l e d 
water to ihake the f i n a l volume upto 100 ml. 
4 . 0 Reagents fo r the es t imat ion of n i t r a t e 
4 . 1 phenoldisulphonic acid reagent 
25 g pure white phenol w i l l be d isso lved in 150 ml 
of pure concentrated sulphuric acid t o which 75 ml fuming 
su lphur ic acid w i l l be added (,13y. SO3). The s o l u t i o n w i l l 
be heated for about 2 hours a t 100°C in water-bath and 
coo l ed . This so lu t ion w i l l kept i n a dark b o t t l e in 
r e f r i g e r a t o r . 
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5 . 0 Reagents f o r t he e s t i m a t i o n of n i t r i t e 
5 . 1 S u l p h a n l l l c ac id s o l u t i o n 
0 . 5 g s u l p h a n l l l c a c i d w i l l be d i s s o l v e d In 150 ml 
a c e t i c ac id (1+4 ) , warming i f w i l l be n e c e s s a r y , 
5 . 2 u-naphthylamine h y d r o c h l o r i d e s o l u t i o n 
0 . 2 g of t h e s a l t w i l l be d i s s o l v e d 150 ml a c e t i c 
a c i d by h e a t i n g ( 1 + 4 ) . 
5 . 3 N i t r i t e s t andard s o l u t i o n 
2 g of KN02/NaN02 w i l l be d i s s o l v e d in 50 ml h o t 
w a t e r , by adding AgNO-j s o l u t i o n up to p r e c i p i t a t e f o r m a t i o n . 
The l i q u i d w i l l be decan ted and washed the p p t w i t h c o l d 
w a t e r . 
6 . 0 Reagents fo r the e s t i m a t i o n of suga r 
6 . 1 A c e t a t e b u f f e r s o l u t i o n 
3 ml of a c e t i c a c i d , 4 . 1 gm anhydrous sodium a c e t a t e 
and 4 , 5 ml s u l p h u r i c a c i d w i l l be d i l u t e d t o one l i t r e w i t h 
d o u b l e d i s t i l l e d w a t e r (DDW). 
6 . 2 Sodium t u n q s t a t e s o l u t i o n (12>c) 
12 g sodium t u n g s t a t e w i l l be d i l u t e d t o 100 ml w i t h 
DDW. 
6 . 3 A l k a l i n e f e r r i c y a n i d e s o l u t i o n ( 0 , 1 N) 
33 g pure dry K3Fe(CN)^ and 4 4 . 0 g N a ^ 0 3 w i l l be 
d i s s o l v e d in d i s t i l l e d w a t e r ,and f i n a l volume w i l l be made 
u p t o 1 L . 
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6 .4 Acetic a c i d - s a l t s so lu t ion 
200 ml ace t i c a c i d , 70 g KCl and 40 g ZnS04.7H20 w i l l 
be d i l u t e d to one l i t r e with DDV;. 
6 .5 Soluble Starch-potass ium-iodide s o l u t i o n 
2 g s ta rch so lu t i on w i l l added t o small amount cold 
water and poured slowly in bo i l ing water with c o n s t a n t 
s t i r r i n g . I t w i l l be cooled thoroughly , when dark co lou r 
w i l l be developed in the mixture , 50 g KI w i l l be added 
and d i l u t e d to 100 ml wi th EDV^ , After t h a t 1 drop of 
NaCXl solut ion w i l l be added and from t h i s , 1 ml w i l l be 
used . 
6 .6 Thiosulphate standard so lu t ion (O. l N) 
24.82 Na2S203.5H20 and 3.8 g Na^B^O^.lOHgO w i l l be 
d i s so lved in d i s t i l l e d water and f ina l volume w i l l be made 
upto 1 L, 
7.0 Reagents for carbohydrate e s t ima t ion 
7 .1 Sulphuric acid (1.5N) 
10,20 ml pure sulphuric acid w i l l be added t o d i s t i l l e d 
water and f i na l volume w i l l be made upto 250 ml, 
7 .2 Phenol {5-/.) 
5 ml phenol w i l l be mixed with 95 ml d i s t i l l e d wa te r , 
8.0 Reagents for p ro te in es t imat ion 
8 .1 Reagent A 
2'/. sodium carbonate will be mixed with O.IN sodium 
hydroxide (1:1). 
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8«2 Reagent B 
0.5;^ copper sulphate w i l l be added to ly. sodium 
t a r t a r a t e ( 1 : 1 ) . 
8 .3 Reagent C ( a lka l i ne copper sulphate s o l u t i o n 2 
I t w i l l be prepared by mixing 50 ml reagent A wi th 
1 ml reagent B. 
8.4 Reagent D (carbonate-copper sulphate s o l u t i o n ) 
Same as Reagent C, except for omission of sodium 
hydroxide. 
8.5 F o l i n ' s reagent (IN) 
100 g sodium tungs t a t e and 25 g sodium molybdate w i l l 
be d i s so lved in 700 ml d i s t i l l e d water in which 50 ml of 
85;^ phosphoric acid and 100 ml cone, hydrochlor ic acid w i l l 
be mixed. The f lask w i l l be connected w i th a re f lux 
condenser and boiled gent ly on a hea t ing mantle for IB h . 
At t h e end of the bo i l ing per iod, 150 g l i t h ium s u l p h a t e , 
50 ml water and 3-4 drops of l iqu id bromine w i l l be added 
to t h i s f l a s k . The re f lux w i l l be removed and the s o l u t i o n 
i n the f lask w i l l be boiled for 15 min, i n order t o remove 
excess bromine, cooled and d i lu ted t o 1,000 ml. 
The s t reng th of t h i s ac idic s o l u t i o n w i l l be t e s t e d 
by t r e a t i n g i t with IN sodium hydroxide using phenolphthale in 
as an i n d i c a t o r . 
65 
9.0 Reagents for N, p and K determinat ion 
9 .1 N e s s l e r ' s reagent 
(a ) 3,5 g potassium iod ida te w i l l be d i sso lved in loO ml 
d i s t i l l e d water t o which Ay. mercuric ch lo r ide s o l u t i o n 
w i l l be mixed with continued s t i r r i n g t i l l a s l i g h t 
red p rec ip i t a t e remained, about 325 ml of the s o l u t i o n 
w i l l be required, 
(b ) 120 g of sodium hydroxide w i l l be d i s so lved in wa te r 
and the f i n a l volume made upto 250 m 1, 
( c ) Solut ion (a) and (b) w i l l be mixed toge ther and t h e 
f ina l ' volume made upto 1,000 ml. This so lu t ion w i l l 
be stored in an amber coloured b o t t l e in a r e f r i g e r a t o r , 
9 .2 Molybdic acid reagent (2.5/.) 
6.25 g ammonium molybdate w i l l be d i s so lved in 75 ml 
10 NH^SO., To t h i s so lu t ion , 175 ml d i s t i l l e d water w i l l be 
added in order to get 250 ml of t h e above r eayen t . 
9 . 2 , 1 Sulphuric acid (IQN) 
27.2 ml sulphuric acid w i l l be added c a r e f u l l y t o 
d i s t l l e d water and f ina l volume made upto 100 ml. 
9 .3 Aminonaphthol sulphonic acid 
0,5 g l-amino-2~naphthol-4-sulphonic acid w i l l be 
dissolved in 195 ml of 15;^ sodium b i s u l p h i t e so lu t ion t o 
which 5 ml of 20:!< sodium su lph i t e so lu t ion w i l l be added. 
The above solut ion w i l l be s tored in a dark coloured b o t t l e 
i n a r e f r i g e r a t o r . 
